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ABSTRACT 
Beginning i n  t h e  l a t e  1800's i n  northwestern Ohio, 
d i scover ie s  o f  n a t u r a l  gas  and l a t e r  o i l  gradual ly  revealed 
what today i s  known a s  t h e  Lima-Indiana f i e l d ,  one o f  t h e  
l a r g e s t  eve r  in -Nor th  America. The production o f  t h i s  
f i e l d  was i n i t i a l l y  q u i t e  s t rong,  However, because gas 
r a t h e r  than o i l  was the sought resource,  and primative 
recovery techniques were used, i t  was shor t - l ived ,  I t  i s  
q u i t e  probable t h a t  a  l a r g e  percent  o f  t h e  o i l  remains, 
o i l  previous ly  unprof i t ab le  t o  a t t a i n ,  V i r t u a l l y  a l l  the  
production came from t h e  Trenton Formation, an extensive 
l imestone,  l o c a l l y  dolotimized, c r e a t i n g  porous zones 
capable of  t rapping  hydrocarbons, S t r u c t u r a l  f e a t u r e s  and 
s t r a t i g r a p h y ,  along with porous i ty ,  con t r ibu te  t o  t h e  
Trenton 's  r e s e r v o i r  c h a r a c t e r i s t i c s .  A s  energy and economic 
demands f o r  o i l  and gas  cont inue t o  climb, renewed production 
and increased  recovery become more d e s i r e a b l e  and f u r t h e r  
d e t a i l e d  a n a l y s i s  o f  t h i s  genera l ly  abandoned a r e a  may be 
worthwhile, 
INTRODUCTION 
The production zones of t h e  Lima-Indiana f i e l d  w i l l  
be our  main concern, although it w i l l  be use fu l  t o  note  
t h e  geology of the  surrounding a r e a s  as wel l ,  More speci-  
f i c  information w i l l  h i g h l i g h t  t h e  productive t e r r i t o r y  
wi th in  Ohio, and f i g .  2 i n d i c a t e s  count ies  within t h i s  
area.  Current  production i n  t h i s  a rea  i s  n o t  completely 
absent ,  a s  small  independent and noncommercial d r i l l i n g  
p r o j e c t s  continue,  The Ohio Dept. of  Natural  Resources 
r epor ted  60 new wel l s  i n  t h e  Trenton Formation i n  1981, 
inc luding  24 i n  Seneca, 13 i n  Van Wert, and 9 i n  Paulding 
Counties. A more d e t a i l e d  t a b l e  i s  shown i n  f i g .  1. Also, 
it might be noted t h a t  5,585 w e l l s  i n  1981 s e t  t h e  new 
record  f o r  t o t a l  d r i l l i n g  opera t ions  i n  t h e  s t a t e .  After  
a  review and re-evaluat ion of the  pas t ,  and newly discovered 
a r e a s ,  l a rge - sca le  p r o j e c t s  i n  t h e  Trenton may become 
f e a s i b l e .  
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OIL AND GAS HISTORY 
A s  i n  a l l  geologic ventures ,  t h e  key t o  the present  
i s  t h e  pas t .  The h i s to ryof  t h e  gas  d i scover ie s  o f  nea r ly  
100 years  ago, and t h e  beginnings o f  the  petroleum indus t ry  
i n  northwestern Ohio a r e  a s  follows. 
Natural  gas  from t h e  Trenton Formation was f irst  
discovered i n  t h i s  reg ion  i n  November, 1884, i n  Findlay, 
Ohio, Hancock Co., a t  t h e  Karg wel l  (Orton 1888). A t  t h a t  
time gas was t h e  valued commodity and any o i l  t h a t  was 
found was considered a  nuisance. By 1885, uses f o r  o i l  
were more popular and o i l  production accompanied t h a t  of 
gas. Rich t e r r i t o r i e s  were found i n  Wood and Allen Counties, 
and production soon spread throughout the  neighboring counties  
as well. 
The a r e a  o f  production i s  shown i n  f i g .  3, and remains 
nea r ly  a s  it w a s  i n  1900. This  includes a b e l t  extending 
from Lucas and Ottawa Counties, southwest t o  VanWert and 
Mercer Counties,  and f u r t h e r  west i n t o  Indiana.  
Orton (1898) r e p o r t s  seve ra l  l a r g e  gas  w e l l s  with 
i n i t i a l  productions of 12 - 32 mi l l ion  cubic  f e e t  per  day. 
Orton (1888) and Bownocker (1903) mention severa l  l a rge  
o i l  we l l s  producing from 350 t o  10,000 b a r r e l s  per day. 
On t h e  average,  we l l s  produced smal ler  amounts, and Buehner 
(1971) e s t ima tes  540 bbls/acre i n  Ohio, wi th  maximums 
ranging from 1,000 t o  9,000 bbls/acre,  and 535 bbls/acre 
i n  Indiana.  
Pig, 3 
Production not iceably  increased from j u s t  over one 
m i l l i o n  bbls/d i n  1886 t o  n e a r l y  t e n  m i l l i o n  bbls/d i n  
1888, (Bownocker, 1903) as l o c a l  towns developed n a t u r a l  
gas  companies and d i s t r i b u t i o n  f a c i l i t i e s  f o r  p r i v a t e  
hea t ing  as we l l  a s  i n d u s t r i a l  uses ,  e.g., g l a s s  f a c t o r i e s ,  
Production peaked around 1896 a t  over 20 mi l l ion  bbls/d, 
and a s  quickly  decl ined t o  almost t en  mi l l ion  bbls/d i n  
1906, and almost one m i l l i o n  bbls/d by 1934 (Alki re ,  1951), 
Fig,  4 i s  a  complete l i s t  of Trenton production from 1886 
to 1939. Bownocker (1903) e s t ima tes  a 12,5$/year decrease 
i n  production, l a s t i n g  on the  average f o r  t e n  t o  twelve years ,  
This  r a t h e r  shor t - l ived  production was due t o  s e v e r a l  
causes,  Being a cheap, seemingly l i m i t l e s s  supply of f u e l ,  
i t  w a s  r a p i d l y  used by l o c a l  consumers and industry.  Perhaps 
more important ,  recovery techniques were improper and ine f -  
f i c i e n t ,  and sometimes uncontrol led,  A s  gas was t h e  ch ie f  
concern of the d r i l l e r s ,  i ts  necessary d r iv ing  pressures  
r a p i d l y  dec l ined ,  making it inc reas ing ly  d i f f i c u l t  t o  br ing 
up t h e  v a s t  amounts of o i l ,  l eaving  a  poss ib ly  l a r g e  percent 
s t i l l  i n  place.  I n  a d d i t i o n ,  abandoned w e l l s  were f r equen t ly  
l e f t  unplugged, f u r t h e r  r e t a r d i n g  pressures .  
Well records  were n o t  properly kept ,  and accura te  
production f i g u r e s  a r e  unavai lable .  However, cu r ren t  t o t a l  
e s t i m a t e s  of Trenton production from the  Lima-Indiana f i e l d  
are 483 m i l l i o n  bb l s  from 100,000 we l l s  on 650,000 a c r e s ,  
380 m i l l i o n  bb l s  from Ohio a r e a s  alone (Buehner, 1971). 
TRENTON OIL PRODUCTION IN NORTHWESTERN OHIO 
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GENERAL STRATIGRAPHY AND HISTORY OF THE TRENTON 
Production i n  t h e  Lima-Indiana f i e l d  c e n t e r s  from t h e  
Trenton Formation, This  formation was named by Lardner 
Vanuxem i n  1838 a f t e r  the  Trenton F a l l s  i n  Oneida County, 
New York, (Vanuxem, 1838). The Trenton i s  a widespread 
carbonate sediment extending from New England t o  the  Rocky 
Mountains, and from n o r t h  of Hudson Bay t o  the  southern 
Alleghanies i n  Alabama and Tennessee (Orton, 1888). It i s  
mid-Ordovician i n  age, deposi ted during t h e  Champlanian 
s e r i e s .  The o l d e s t  formation i n  t h i s  s e r i e s ,  and a familiar 
reference  po in t ,  i n  t h e  S t ,  P e t e r  Sandstone, unconformable 
a t  i t s  base where i t  o v e r l i e s  the  lower Ordovician Canadian 
s e r i e s .  It  is a l s o  unconformable above, where t h e  Glenwood 
Shale o v e r l i e s  it. Conformable on t o p  of the  Glenwood l i e  
t h e  Black River and Trenton Limestones r e spec t ive ly ,  These 
carbonate d e p o s i t s  a r e  covered by var ious  sha les  of t h e  
Cincinnat i  s e r i e s ,  A more d e t a i l e d  s t r a t i g r a p h y  and geologic  
h i s t o r y  w i l l  fol low,  
REGIONAL STRUCTURE 
The s t r a t a  i n  t h e  s u b j e c t  a rea  d i r e c t l y  r e f l e c t  the 
s t r u c t u r a l  f e a t u r e s  present  i n  what is p a r t  of t h e  "Eastern 
I n t e r i o r  Regionw (Buschback, 1971). A look a t  f i g ,  5 i s  a  
genera l  map of these  f a m i l i a r  f e a t u r e s  which include l a r g e  
arches ,  bas ins ,  domes, and l o c a l i z e d  f a u l t i n g .  Perhaps 
the  most i n f l u e n t i a l  i n  t h e  a r e a  of d iscuss ion  i s  the  
nearby Cinc inna t i  arch,  Its a x i s  s t r i k e s  nor th-nor theas ter ly ,  
and extends from nor thern  Indiana and t h e  Michigan basin t o  
Tennessee and t h e  Miss i s s ipp i  embayment, The Cincinnat i  
a rch  a p p l i e s  t o  t h e  e n t i r e  f e a t u r e ,  i t s  named and unnamed 
components, Northwestern Ohio l i e s  on what is c a l l e d  t h e  
Indiana-Ohio platform and t h e  adjo in ing  Findlay arch ,  
Here, t h e  bedrock on t h e  e a s t  limb of t h e  arch i s  a t  r e l a t i v e l y  
shallow depths,  2600 f t .  (Buehner, 1971, p.35). and i s  
covered by t h e  f a i r l y  small  sequence of Paleozoic rocks 
which inc lude  t h e  Trenton Formation, Fig. 6  i l l u s t r a t e s  
t h i s ,  As one m i g h t  expect,  sediments th icken away from the  
a rch  on i t s  limbs, Another important f e a t u r e  i s  t h e  Bowling 
Green monocline w i t h  a s soc ia ted  f r a c t u r e s  and f a u l t i n g ,  which 
extends northwest-southeast  from Lucas, through Wood, m d  
hancock, t o  Hardin Counties, Production has been except ional ly  
h igh  i n  t h e s e  a reas ,  
A b r i e f  s t r a t i g r a p h i c  and geologic h i s t o r y  w i l l  b e s t  
review how these  sediments were deposi ted the  way they a r e ,  
and how t h e  s t r u c t u r e s  i n  t h i s  a rea  developed, 

Depths to the Precambrian basement in Ohio, contour interval 500 feet 
STRATIGRAPHY AND GEOLOGIC H I  STORY 
(See s t r a t i g r a p h i c  column, Fig, 7)  
The basement of t h e  s e c t i o n  i n  t h e  s u b j e c t  a r e a  i s  t h e  
Grenville-aged (800-1000 m,y, o ld )  metamorphic complex. I t  
belongs t o  t h e  Precambrian e r a ,  although it i s  sometimes 
r e f e r r e d  t o  a s  Eocambrian. I t  c o n s i s t s  o f  g l a c i a t e d  boulder 
depos i t s ,  i n t r u s i v e s ,  metamorphics, and some carbonate 
sequences, The carbonates a r e  bituminous and could be source 
rocks f o r  overlying r e s e r v o i r s  (Buehner, 1971), P l a t e  
t e c t o n i c s  were an inf luencing  f a c t o r  throughout t h i s  time, 
although t o  what e x t e n t  i s  uncer ta in ,  A major unconformity 
covers these  basement rocks. 
The next  mappable u n i t  above t h e  unconformity, t h e  
Potsdam supergroup, begins Paleozoic depos i t ion  and includes 
the  M t .  Simon Sandstone, t h e  Eau Cla i re  Formation, and the 
Dresbach Sandstone i n  ascending order.  These a r e  mid- 
Cambrian i n  age and were deposi ted during the  extensive 
r i s e  i n  sea  l e v e l  t h a t  t ransgressed  t h e  cra ton  throughout 
t h e  Cambrian. 
The Knox supergroup, which follows t h e  Potsdam, includes 
the F'ranconia Sandstone and t h e  Trempeal Dolomite, l a t e  
Cambrian i n  age. By t h i s  time, e p e i r i c  seas  covered much of 
the  shal lower cra ton  and carbonate depos i t ion  began t o  
dominate sands (Bat ten and Dott ,  1981). These lower Ordovician 
depos i t s  of the  Canadian s e r i e s  include i n  ascending order ,  
t h e  Oneota Dolomite, t h e  New Richmond Sandstone, and the  

Shakopee Dolomite. Throughout t h i s  time, continuing p l a t e  
a c t i v i t y  was a f f e c t i n g  t h e  emergence and submergence o f  t h e  
c ra tons ,  and regressive/transgressive phases continued a s  
well .  By the  c lose  of t h e  Canadian, t h e  region we a r e  con- 
cerned w i t h  had become t i l t e d  t o  t h e  south.  The Kankakee 
a rch  had become evident  i n  nor thern  Indiana (Buschback, 1971),  
and the  p o s i t i v e  a r e a  separa t ing  the  Appalachian and I l l i n o i s  
bas ins  r a n  nor the r ly  through c e n t r a l  Ohio, near  what today 
is  known as t h e  Waverly arch  (Woodward, 1961). 
Following a r e t r e a t  
o f  t h e  s e a s ,  a widespread 
unconformity w a s  eroded 
ac ross  t h e  previous Sauk 
sequence. (Sequences a r e  
groups of  s t r a t a  bounded 
by major unconformities . ) 
Fig.  8 shows the  su r face  
of t h e  "Knox unconformity" . 
Maximum r e l i e f  on t h i s  
sur face  was 100 meters 
(Bat ten and Dott ,  1 9 8 1 ) ~  
The St .  P e t e r  
Sandstone o v e r l i e s  t h e  
Fig. 8 
b o x  supergroup, I t  i s  t h e  b a s a l  u n i t  o f  t h e  Tippecanoe 
sequence and t h e  Champlainian s e r i e s .  I t  was deposi ted 
during renewed t r ansgress ion  as i s  i l l u s t r a t e d  by f i g .  9, 

I t  is  very widespread, composed of fine-medium, mature, 
qua r t z  g r a i n s ,  redeposi ted from t h e  cen te r  of t h e  cra ton  
(Bat ten and Dott ,  1981). 
During t h e  time following t h i s  (Chazy), e ros ion  c u t  
down through these  o l d e r  sediments as deep a s  Cambrian 
rocks. The r e s u l t i n g  channels were f i l l e d  by Glenwood 
s h a l e s  (lower Chazy) and/or Ottawa carbonates,  c r e a t i n g  
p o t e n t i a l l y  i d e a l  o i l  t r a p s  of t runcated  porous beds, 
covered by impermeable cap rocks. The St .  P e t e r  Sandstone 
is one such porous bed which pinches out  updip t o  the  west. 
I t  i s  t h e  Ottawa supergroup which c o n s i s t s  of  t h e  
Black River and Trenton Limestones. The deposi t ion o f  these  
r e l a t i v e l y  pure carbonates l a s t e d  f o r  seve ra l  mi l l ion  yea r s  
and i s  q u i t e  extensive.  The depos i t ion  of these  t h i n ,  
uniform beds, t r aceab le  over  such g r e a t  d i s t ances ,  i n d i c a t e s  
a  f a i r l y  s t a b l e  craton.  The depos i t iona l  environment was 
apparent ly  a shallow, we l l  c i r c u l a t e d ,  marine a rea  as would 
be expected. Much f o s s i l  debr i s  i n d i c a t e s  a  s h e l l y  f a c i e s  
o r  e l a s t i c  na tu re  (Bat ten and Dott ,  1981). Est imates  of  
p a s t  c o n t i n e n t a l  l o c a t i o n s  place North America much c l o s e r  
t o  t h e  equator  than a t  present .  This  more sub t rop ica l  
paleoclimate would be more c o n s i s t e n t  with t h e  environments 
necessary f o r  t h e  depos i t ion  of highly f o s s i l i f e r o u s  carbo- 
n a t e s  and evapor i t e s  t h a t  a r e  present .  
J u s t  a s  t h e  bedrock d ips  southward, s o  do the  over- 
l y i n g  sediments. The Ottawa carbonates thicken southward 
from about 300 ft. i n  nor thern  I l l i n o i s  t o  1400 f t .  a t  t h e  
nor thern  edge of t h e  Miss iss ippi  embayment i n  northwestern 
Kentucky (Buschback, 1971). There is  a l s o  a s l i g h t  thinning 
westward a s  a r e s u l t  of minor u p l i f t  of t h e  Indiana-Ohio 
platform, t h e  Findlay and Waverly arches. 
Isopachs on t h e  Trenton show considerable  v a r i a t i o n  
i n  northwestern Ohio, The average th ickness  of t h e  Ottawa 
here i s  625 f e e t .  I t  ranges from 475-650 f t .  along an a x i s  
from Greenvi l le ,  i n  Darke County, t o  Sandusky i n  E r i e  Countyi 
and 430-600 f t .  from Georgetown, i n  Brown County, Indiana,  
t o  Columbus, i n  Frankl in  County (S tou t ,  1941). I t  ranges 
from 62 f t .  i n  Fayet te  County, i n  e a s t e r n  Indiana t o  550 f t .  
i n  Lee County, Vi rg in ia  (Ca lve r t ,  1962). Est imates  of  the  
Trenton a lone ,  range from 60 f e e t  i n  t h e  southeas t  t o  300 f e e t  
i n  t h e  nor th ,  and inc reas ing  r a p i d l y  t o  t h e  northwest ( S t i e g l i t z ,  
i n  p r e s s ) .  I n  pas t  a r e a s  of  production it i s  smal ler ,  
ranging between 150 and 300 f e e t  ( S t i e g l i t z ,  1981). Fig,  10 
i s  an isopach map of northwestern Ohio. 
The t o p  of the  Trenton Formation is a r e l a t i v e l y  f l a t  
sur face ,  wi th  f a i r l y  shallow i r r e g u l a r i t i e s ,  a few f e e t  a t  
t h e  most. I t  i s  e a s i l y  recognizable as wel l  a s  mappable, 
Fig,  11 shows t h e  s t r u c t u r e  on top  of  t h e  Trenton i n  Ohio a s  
we l l  as surrounding areas .  Fig. 12 shows t h e  s t r u c t u r e  i n  
t h e  production a r e a  alone. 
Fig.  10 

As the  map in Fig. 13 
shows, the Trenton 
lies at fairly shallow 
depths in northwestern 
Ohio. Averaging 1300 
f e e t  in the production 
areas, it is deepest 
near the Mlchigan basin 
at 2600 f ee t ,  r i s ing  
eastward to 1900 feet 
in n o r t h  Ottawa County, 
and then gradually 
deepening again i n t o  the 
Fig, 12 
Appalachian basin,(Stieglitz, in press), Near the Bowling 
Green structure, in central Hancock and Wood Corn t i e6  it lies 
between 1050 and 1100 f ee t ,  and quickly deepens westward to 
1700 f e e t  in the  western Wood C o u n t y  and toward t h e  Illinois 
basin ( S t i e g l i t z ,  1981). It outcrops in very few locations,  
most of them o u t  of t h i s  state ,  It is, however, exposed 
along the  Ohio river east  sf Cincinnati in Brown and Hamilton 
Counties, 
The following deposition of t h e  Trenton Formation, a 
broad area from the Findlay arch t o  the eastern edge of the 
Ozark dome, was raised and exposed to erosion (Rooney, 1966). 
As durfne a l l  regressions, carbonates once stable are d isso lved  
by solutions and altered to other forms, Landes (1970) feels  
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t h a t  most o f  the dolo t imiza t ion  and f u r t h e r  weathering of 
t h e  Trenton i n  Ohio took place a t  t h i s  time, Fauna a r e  
a l s o  g r e a t l y  a f f e c t e d  during such times, and f o s s i l s  a r e  
n o t  as we l l  preserved a f t e r  a l t e r a t i o n  processes,  
The s tar t  of t h e  Cincinnat i  epoch, l a t e  Ordovician, 
was accompanied by another  westward t r ansgress ion  of the  
e p e i r i c  waters.  During t h i s  t ime, the  Maquoketa supergroup 
was deposi ted,  only t o  be p a r t i a l l y  eroded away a t  t h e  end 
of  t h e  per iod,  The Maquoketa includes the  Cynthiana 
formation and the  Ut ica  Shale ,  and make up the  impermeable 
rocks t h a t  o v e r l i e  t h e  Trenton, These cap rocks a r e  c h i e f l y  
dzrk s h a l e s ,  graywackes, end c h e r t  l aye r s .  Some volcanics  
a r e  a l s o  present ,  which r e f l e c t  t h e  Taconic a c t i v i t y ,  2nd 
t h e  developing con t inen ta l  margin t o  t h e  e a s t  (Bat ten  and 
Dott ,  1981). Fig,  14  shows the  ex ten t  of t h e  l a t e  Ordovician 
depos i t s .  Fig. 15 shows t h e  paleogeography during t h a t  
time, and t h e  l o c a t i o n  of  t h e  equator should be noted. A t  
t h i s  time Cincinnat i  arch was s t i l l  n o t  evident  i n  Kentucky 
o r  Ohio (Buschback, 1971). al though smal ler  components, t h e  
Findlay and Waverly arches ,  were a l ready developed i n  Ohio, 
a f f e c t i n g  overlying s t r a t a  (Woodward, 1961 ) , 
Regression and eros ion  followed, and above t h i s  uncon- 
formity begins the S i l u r i a n  period,  the  Hunton supergroup, 
and t h e  Kaskaskia sequence, During S i l u r i a n  time the  
Cincinnat i  arch began developing i n  Kentucky and Tennessee 
(Buschback, 1971),  The Cincinnat i  arch was more of a b a r r i e r ,  
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s e r v i n g  a s  a  hinge f o r  the  th ickening  wedge t o  the e a s t  than 
a s u p p l i e r  of sediment, The Michigan basin a l s o  deepened 
much during t h i s  period. 
S i l u r i a n  formations present  i n  t h i s  s e c t i o n  include 
t h e  Medina Shale  o f  t h e  Alexandrian s e r i e s ,  and the- Clinton 
and Niagara Limestones o f  t h e  Niagaran-Cayugan s e r i e s ,  The 
l a t t e r  i s  known f o r  massive carbonate r e e f s , a s  wel l  a s  
per iods  o f  increased  water depth due t o  reduced sedimentation, 
Very success fu l  o i l  and gas production i n  the  Clinton Formation 
has r e c e n t l y  been developed i n  the nor theas t  p a r t  o f  t h e  
s t a t e .  
Regression accompanied emergence, and another  uncon- 
formity was eroded on top  of  t h e  uppermost S i l u r i a n ,  The 
Devonian rocks  t h a t  fol low a r e  t h e  youneest i n  the  s e c t i o n ,  
and include the  basa l  Oriskany Sandstone ad t h e  Ohio Shale ,  
S i l u r i a n ,  and e s p e c i a l l y  Devonian s t r a t a ,  comprise l i t t l e  
th ickness  i n  t h e  sub jec t  a r e a  and along the arches,  
DESCRIPTION AND COMPOSITION 
The a b i l i t y  of  the Trenton Formation t o  be a  r e s e r v o i r  
rock i s  i n  p a r t  due t o  i ts  varying l i t h o l o g y ;  t h a t  is, i t s  
upper dolo t imiza t ion ,  Much work has been spent  analyzing 
i t s  a l t e r a t i o n  f e a t u r e s  and i ts  composition, A br ie f  
d e s c r i p t i o n  is  a s  follows, 
The Trenton Formation genera l ly  c o n s i s t s  o f  a  f i n e  t o  
medium gra ined ,  buff-brown o r  It. gray blue,  s l i g h t l y  
fer ruginous ,  h ighly  f o s s i l i f e r o u s ,  c l a s t i c  l imestone, I ts  
dense, impermeable, s i l t - s i z e d  matrix binds much pebble- 
s i zed  l imestone d e b r i s ,  including c r ino ids ,  brachiopods 
and bryozoa, Bedding is  t h i n  t o  massive, Environment of  
depos i t ion  was shallow-marine , 
Upper p a r t s  of the Trenton have been i r r e g u l a r l y  a l t e r e d  
t o  a coa r se ly  c r y s t a l l i n e  dolomite, f r e e  of  s i l i c e o u s  
impur i t ies .  Thickness of these  zones v a r i e s  from a few 
f e e t  t o  t h e  Trenton 's  t o t a l  th ickness ,  approximately 600 
f e e t ,  The dolomite is vugular and i r r e g u l a r ,  some l a r g e r  
vugs being l i n e d  with euhedral  dolomite c r y s t a l s  (Buehner, 
1971) , This is respons ib le  f o r  l o c a l l y  good porousi ty ,  
Permeabil i ty ,  however, i s  v a r i a b l e ,  l i m i t i n g  communication 
o f  zones. Contacts between the  limestone and dolomite a r e  
sharp, f i e l d  edges near  v e r t i c a l ,  and a l t e r a t i o n  doesn ' t  
appear ou t s ide  the  f i e l d s  of  production (Buehner, 1971 ) . 
This  may imply a l t e r a t i o n  along f r a c t u r e s  and/or f a u l t i n g ,  
Also present  i n  the  Trenton a r e  t h i n ,  f i n e l y  porous, 
calcareous s h a l e  p a r t i n g s ,  and very f i n e  grained sand. 
These a r e  n o t  p resen t  i n  t h e  dolotimized, producing a reas ,  
S l i g h t l y  d i f f e r i n g  l i t h o l o g i e s  are repor ted  a t  both 
the uppermost and basa l  por t ions  of the Trenton. S t i e g l i t z  
( i n  p ress )  descr ibes  t h e  lowest beds a s  containing cher ty ,  
a r g i l l a c e o u s  and organic  ma te r i a l s  as wel l  a s  some anhydri te ,  
Some bentoni te  beds a r e  a l s o  present ,  Rooney (1966) 
descr ibes  t h e  upper f e e t  of t h e  Trenton a s  p i t t e d ,  phosphatic 
and rubbly. A t h i n  l a y e r  of angular  c h e r t  fragments i n  
highly fer ruginous  dolomite i s  present  on top  o f  the  
weathered zone, Traces of p y r i t e  a r e  a l s o  common and 
abundant i n  these  upper beds, Such zones may r e p r e s e n t  
changing environments which accompanied t h e  depos i t ion  o f  
d i f f e r e n t  formations,  
The Trenton d i f f e r s  from the  underlying Black River 
Limestone i n  t h a t  it con ta ins  more insoluble  r e s idues ,  i , e , ,  
sand, sha le ,  c h e r t ,  and s i l i c i f i e d  f o s s i l s ,  while t h e  Black 
River i s  a very f ine-grained,  l i thograph ic ,  massive, micro- 
c r y s t a l l i n e  l imestone,  with few f o s s i l s ,  
Analyses show q u i t e  no t i ceab le  d i s t i n c t i o n s  between 
t h e  composition of  t h e  dolomit ic ,  producing rock and t h e  
otherwise impermeable, unal te red  l imestone, The upper, 
a l t e r e d  beds, mostly wi th in  50 f e e t  from t h e  t o p  of t h e  
formation, a r e  only 50-60s limey, vs ,  t h e  usua l ly  higher  
80-90 percentages of  calcium, T h i s  decreased limey na ture  
is  due t o  a h igher  magnesium composition. Orton (1888) 
r e p o r t s  t h e  magnesium carbonate is g r e a t e r  than 23s i n  
the  productive f i e l d s .  Pure dolomite is  almost 46%. 
Bownocker (1903) s i t e s  these  percentages: 
i n s o l .  
CaC03 MgC03 res idues  A1203 6c Fe203 
Findlay Gas Rk. 53.50 43.50 1 .70 1 ,25 
Bowling Green Gas Rk. 51.78 36.80 4.89 - 
Lima O i l  Rk. 55.90 38.85 e75 2.94 
THE CAUSES AND EXTENT OF ALTERATION 
I N  THE TRENTON 
Dolomitization of the Trenton can be divided 
i n t o  two kinds,  A l a r g e  p a r t  was a l t e r e d  over a  
broad, shallow region ,  while a  smal ler  percentage 
was centered  around l o c a l  f r a c t u r e s  and j o i n t s ,  The 
Bowling Green a r e a  i s  an example of t h e  l a t t e r ,  
where a l t e r a t i o n  has gone deeper i n t o  t h e  formation, 
F rac tu res  here,  a s  throughout Trenton, were probably.  
p a r t i a l l y  caused by l o c a l  tens ions  and s t r e s s e s  t h a t  
developed a s  neighboring bas ins  subsided (Woodward, 
1961) 2 Deeper sea ted  f a u l t s  may have a l s o  played a 
pa r t .  Buschback (1971) desc r ibes  those near  Bowling 
Green a s  a  system o f  high-angle, poss ib ly  s l i p -  
s t r i k e  f a u l t s  and f r a c t u r e s ,  The main t rend is  north- 
west-southeast ,  with eastward protrudinp,  complementary 
f r a c t u r e s .  T h i s  reg ion  i s  q u i t e  s i m i l a r  t o  t h e  Albion 
and Sc ip io  f i e l d s  o f  southern Michigan, which a r e  
a l s o  l i n e a r ,  dolotimized Trenton r e s e r v o i r s ,  Figs.  16 
and 17 show these  f i a d s  which were developed between 
1959 and 1963, y i e l d i n g  almost 88 m i l l i o n  b a r r e l s  of 
o i l  and 94.5 m i l l i o n  mcf o f  gas ,  
The causes o f  t h i s  dolomi t iea t ion  a r e  a l s o  two- 
fo ld ,  Landes (1946) f e e l s  t h a t  s o l u t i o n s  picked up 
g r e a t e r  amounts of magnesium as they ascended through 
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o lde r  dolomites,  a l t e r i n g  t h e  younger l imestones t h a t  
eventua l ly  trapped them, Perhaps more o f  a cause 
was the s o l u t i o n ,  leaching ,  and weathering t h a t  took 
place a f t e r  t h e  emergence and s u b a e r i a l  e ros ion  o f  
t h e  Trenton, following its deposi t ion.  
Rooney (1966) f e e l s  a d i s t i n c t  unconformity e x i s t s  
on t o p  of  t h e  Trenton as a r e s u l t ,  I n  add i t ion  t o  
dolo t imiza t ion ,  numerous c rev ices  and honeycomb 
s t r u c t u r e s  seem apparent  on the  upper surface.  D r i l l e r s  
r e p o r t  h i t t i n g  such openings, t h e i r  b i t s  dropping 
s e v e r a l  f e e t  a t  times. Some descr ibe  the  su r face  a s  
k a r s t  topography, where s o l u t i o n  and weathering have 
dissolved c a v i t i e s  and enlarged previous cracks and 
holes ,  Such an i r r e g u l a r  a l t e r a t i o n  i s  cons i s t en t  
with the  va r i ab le  permeabil i ty  t h a t  e x i s t s ,  zones n o t  
connected forming l a r g e r  pools  o f  production. 
F ig ,  18  shows t h e  a r e a  of  exposure, Rooney (1966) 
f e e l s  t h a t  a h ingel ine  running along the  Findlay and 
Cincinnat i  arch regions  separated t h e  a r e a  of e ros ion  
t o  the west from t h e  a r e a  of continued depos i t ion  t o  
t h e  southeas t .  I t  seems appropr ia te  t h a t  the production 
zone l i e s  i n  the exposed reg ion  where dolomi t iza t ion  
would dominate. Dolomitization l a r g e l y  covers the  
following counties:  Mercer, VanWert, Auglaize, Allen, 
Hancock, Wood, Sandusky, and Lucas. I t  p a r t i a l l y  covers 
these: W i l l i a m s ,  Ful ton,  Henry, Defiance, Paulding, 
Putnam, Seneca, Ottawa, Hardin, and Wyandot. 
Fig. 18 
OIL RECOVERY 
Production p o t e n t i a l  i n  the  Lima-Indiana f i e l d  is  
f a r  l e s s  than i t  was i n i t i a l l y  i n  the  e a r l y  l9OO's, 
Buehner (1971) s t a t e s  t h a t  some f i e l d s  have been 
discovered i n  the  previously explored regions ,  although 
these  haven ' t  had much commercial s ign i f i cance ,  Most 
of t h e  gas  r e se rves  have been depleted.  I n  the hurry t o  
remove t h e  gas  though, pressures  decreased r a t h e r  
quickly and most of t h e  o i l  wasn't removed, remaining 
i n  place. Unplugged, leaky we l l s ,  as well  as ground 
water  concerns,  probably prevent  adequate r e p r e s s u r i -  
za t ion  of t h e  a rea ,  which may hold 60% or  more of t h e  
o r i g i n a l  r e se rves  ( S t i e g l i t z ,  1981),  I t  i s  such o i l  
t h a t  makes up t h e  probable t a r g e t s  f o r  f u t u r e  d r i l l i n g  
operat ions.  These w i l l  be through d i scover ie s  of new 
production a r e a s  o r  improved recovery methods, 
I n  the  p a s t ,  o i l  was produced pr imar i ly  from a 
zone 20 t o  25 f e e t  t h i c k  wi th in  the upper 50 f e e t ,  and 
l a t e r ,  t o  a  l e s s e r  e x t e n t  from deeper zones associa ted  
w i t h  f r a c t u r e s ,  such a s  Bowling Green (Coogan and 
Maxey, 19R2). With continued t e s t i n g  and uses of  
geophysics and o the r  modern sub-surface techniques,  
deeper pay zones may be discovered. The Trenton is  
a c t u a l l y  f a i r l y  recognizable  through e l e c t r i c  logging 
methods, The lower, unal te red  sec t ions  y i e l d  higher  
sonic  v e l o c i t i e s ,  r e s i s t i v i t i e s ,  neutron responses,  
and negat ive s e l f - p o t e n t i a l s ;  lower gamma r a d i o a c t i v i t y ,  
a s  compared t o  more porous, a l t e r e d  zones and overlying 
Maquoketa s h a l e s  ( ~ t h e r t o n  and o the r s ,  1964). 
Although most of t h e  hydrocarbons l i e  i n  s t r a t i -  
graphic  t r a p s  of some kind,  S t i e g l i t z  ( i n  p r e s s )  
d i s t ingu i shes  these  as fol lows,  1) S t r u c t u r a l  c losures  
on top  of  the Trenton where i t  c rosses  t h e  broad a n t i -  
c l i n e s  o f  nearby arches.  2)  Frac ture  zones, s i m i l a r  
t o  the  Albion-Scipio f i e l d s  such a s  i s  found near  
Bowling Green, 3 )  Updip f a c i e s  changes i n t o  the  Utica 
Shale ,  and between dolomite and l imestone wi th in  t h e  
formation. 4) And l a s t l y ,  a reas  of nosing and t e r r a c i n g  
t h a t  may be p resen t  i n  the  Trenton. These l o c a t i o n s  
provide s e t t i n g s  f o r  more s u b t l e ,  undiscovered t r a p s ,  
i f  they e x i s t .  Improved s t imula t ion  methods, a s  wel l  
as production techniques unknown t o  p a s t  d r i l l e r s ,  may 
g r e a t l y  improve y i e l d s ,  
Current f i g u r e s  do show s t e a d i l y  increas ing  
d r i l l i n g  p r o j e c t s  i n  t h e  s t a t e ;  permits  up t o  12,547 
i n  1981, compared t o  5820 i n  1978 (Gannan, 1982). 
Costs play a  major r o l e  i n  t h i s ,  and a s  o i l  p r i c e s  
inc rease ,  r e s e r v e s  once unprof i tab le  t o  produce become 
more reasonable,  
Possibly o f  g r e a t e r  p o t e n t i a l  a r e  secondary 
and t e r t i a r y  recovery methods of mining and dra in ing  
such a s  S t i e g l i t z  (1981) d iscusses .  Such mining 
c u r r e n t l y  seems t o  be the  most economical p o s s i b i l i t y ,  
where shallowness would allow much lower d r i l l i n g  and 
mining c o s t s .  I t ' s  p a s t  p roduc t iv i ty  and competent 
surrounding s t r a t i g r a p h y  t o  support  s h a f t s  a l s o  f avor  
such p r o j e c t s , ( S t i e g l i t z ,  1981). Removal of Black 
River  Limestone could be used i n  the  lime indus t ry  
t o  he lp  o f f s e t  cos t s .  I n  conclusion, it seems f u r t h e r  
ana lys i s  of  t h e  a r e a ,  and continued t e s t i n g ,  would 
n o t  be wasted e f f o r t ,  and could possibly prove q u i t e  
p r o f i t a b l e .  
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